The last decade has witnessed a rapidly growing public and academic interest in medical error, an interest that has culminated in the emergence of the science of error prevention in health care. The impact of this new science will be felt in all areas of medicine but perhaps especially in emergency medicine (EM). The emergency department's unique operating characteristics make it a natural laboratory for the study of error. These characteristics, combined with the complex and myriad activities of EM, predict vulnerability to a multitude of errors. Overcrowding and other resource limitations impair continuous quality improvement, and many errors result from high decision density, excessive cognitive load and flawed thinking in the decision-making process. A large proportion of these errors have serious outcomes but an even higher proportion are preventable.
Introduction
Over the past 15 years there has been a gradual unmasking of the nature and scope of error in medicine. What began as a trickle of reports in the 1940s and 1950s increased almost exponentially toward the turn of the century. 1 In recent years, the topic has received in-depth treatment in major works originating both inside [2] [3] [4] [5] and outside 6-11 the medical profession. The scale of the problem is now being appreciated. Conservative estimates suggest that, in US hospitals, medical error accounts for 1 million injuries and 100 000 deaths per annum. 12 The total cost of medical error in the US has been estimated at up to US$50 billion. 12 Almost 40 years ago, US and Canadian reports suggested that 20% to 24% of hospital inpatients suffered iatrogenic injuries. 13, 14 Subsequently, larger studies have consistently reported AE rates from 3% to 12%, [15] [16] [17] ranging as high as 16%. 18 The variation is presumably due to differences in study methodology, health care systems, local practice patterns and other variables.
The term "iatrogenic error" has been used historically to describe medical error, whereas the newer and more appropriate term, "comiogenic error," 8 refers to errors arising at any point in the patient care continuum, involving physicians, nurses, technical staff, administrative personnel or others. AE is generally defined as an unintended injury caused by medical management that results in prolonged hospital stay, temporary or permanent disability or death. The term "negligence" has a variety of usages and implications; in the context of medical malpractice it derives from the theory of tort law. A preferable term when discussing error theory is "preventable error," which will be used here. Clearly, not all AEs are preventable, not all are due to error, not all errors lead to AEs, and relatively few are detected as AEs.
The medical profession has always tacitly acknowledged medical error, 13, 14 but its prevalence was not widely appreciated until publication of the landmark Harvard Medical Practice Study. 16 This retrospective, randomized chart review covered more than 30 000 discharges from 51 New York State acute care hospitals in 1984. Adverse events occurred in 3.7% of the cases. More than half were due to errors and were theoretically preventable. Approximately 25% were attributed to negligence, defined as "care that fell below the standard expected of physicians in their community." Most of the resulting disabilities resolved within 6 months, but 2.6% were permanent and 13.6% were fatal. Extrapolated to a national level, these data suggest that, at that time, 98 000 deaths a year could be attributed to preventable medical error in the United States alone (on the basis of the 1984 population of 236 million).
Three further studies have corroborated these findings. In a smaller 1992 study, AEs were recorded in 2.9% of patients, with 6.6% of these leading to death. 17 In 1995, Australian researchers used methods similar to those of the Harvard study, documenting permanent disability in 13.7% of patients and death in 4.9%. 18 Again, half of all AEs were considered preventable. Extrapolating their findings, the authors estimated that AEs caused 180 000 deaths a year in a country of only 15 million people -a rate considerably higher than that for the United States. Using similar methodology, a recent preliminary study of 2 acute-care hospitals in Greater London, UK, found an AE rate of almost 12%; one-third of these caused moderate disability or death, and about one-half were considered preventable. 19 Growing concern about patient safety led the American Medical Association to establish the National Patient Safety Foundation in 1997. The next year, the Institute of Medicine initiated the Quality of Health Care in America project. The first publication arising from that project, To Err is Human: Building a Safer Health System, 12 outlined the nature and extent of the problem and was a first step toward dismantling the culture of blame associated with error. Further momentum was gained when the British Medical Journal devoted its issue of 21 March 2000 to medical error and patient safety.
If the data discussed above can be extrapolated to the Canadian population, the annual number of deaths due to preventable medical error would be in the order of 5000 to 10 000 -the equivalent of an airline crash every week. At a British conference in 2000, the UK's chief medical officer called for international collaboration to address the issue of medical error. 20 In Canada, however, there has been little acknowledgment of the extent of the problem.
Error in emergency medicine
Apart from a few articles describing error in the diagnosis and management of psychiatric patients, [21] [22] [23] [24] [25] the first report dealing with emergency department (ED) error did not appear until 1999. 26 A year later, the Society for Academic Emergency Medicine (SAEM) sponsored a 1-day Error in Emergency Medicine conference to develop a consensus definition of EM error, to quantify error and identify its root causes, to set research and educational agendas and to establish SAEM policy and advocacy roles. An SAEM task force was established, and the conference proceedings were published in a special issue of Academic Emergency Medicine in November 2000. 27 Most studies 13, 14, [16] [17] [18] [19] describe outcomes of hospitalized patients; therefore, the extent of error in the ED is largely unknown. EM error can take many forms, ranging from simple lapses, such as failing to send a radiography requisition, to more complex errors such as administering thrombolysis to a patient whose electrocardiographic changes are due to aortic dissection. The 3 major studies described above [16] [17] [18] found that a small proportion of all AEs (from 1.5% to 3%) occurred in the ED -surprising given the operating characteristics of a typical ED (Table 1) . But EDs had the highest proportion (70% to 82%) of preventable errors. In all 3 studies, preventable ED errors were most commonly diagnostic errors, and these often led to permanent disability or death. The authors suggested that inadequate physician training, high acuity and high volume (with limited time for individual patients) contributed to the substantial rate of preventable ED error. 16 These data indicate that cognitive errors associated with clinical decision-making are critically important in the ED.
These studies probably underestimated the rate of ED error, because they examined only the records of hospitalized patients. Diagnostic and therapeutic errors undoubtedly occurred among patients discharged from the ED without being admitted, and these would only come to light if the patient returned to the same ED and if there was a systematic feedback mechanism to identify the problem. 28 Furthermore, when such errors are discovered, inappropriate defence mechanisms such as secrecy, denial, projection and blaming often inhibit learning from the event. 29, 30 Several other factors may contribute to the higher rate of preventable error in the ED, especially the operating characteristics of the ED (Table 1) . Ergonomists have determined that several of these factors are generic, producing error in other than medical settings. 31, 32 First, the patients are usually unknown to the physicians and nurses, and the patient information available to the ED staff does not match in continuity and completeness the history that would be available to the patient's family doctor. This problem is compounded by the relatively short time available for patient assessment and by the overall imperative to think and act quickly.
Second, decision density (the number of decisions that the physician must make during a shift) and cognitive load (the background information that the physician must bring to bear on those decisions) appear to underlie many cognitive errors. Common ED problems such as weakness, dizziness, and chest or abdominal complaints have a wide differential diagnosis and carry a high degree of diagnostic uncertainty. The combination of high decision density and diagnostic uncertainty leads to high error prevalence.
1 The large number of physical, laboratory, radiographic and electrocardiographic examinations performed in the ED, and the need to accurately interpret their findings also increases decision density and cognitive load. Physicians can reduce cognitive load through the use of algorithms, clinical guidelines and decision rules. These and other innovative techniques, such as colour-coding resuscitation equipment, Third, the level of experience of physicians and nurses is intrinsically linked to preventability of error. The past 20 years have seen significant improvement in this regard. Fewer practitioners are itinerant, and many more now enter the discipline through formal training programs, committed to careers in EM. Nevertheless, it remains difficult to prepare for the wide range of clinical problems seen in the 34 thus, the quality of decision-making by physicians and nurses depends on their EM experience.
Clinical decision-making is compromised by interruptions 35 and distractions. In Canadian EDs, available resources are commonly overwhelmed, which leads to conditions of overcrowding and prolonged waiting times. Despite the best efforts of those working under these conditions, it is inevitable that care will sometimes be compromised. This is well-known to physicians and nurses and is periodically publicized by high-profile cases in the media. 36, 37 Teamwork, a feature of optimal ED performance that may profoundly affect decision-making, is influenced by specific aspects of the trade-off between resource availability and efforts to achieve continuous quality improvement. 38 Thus, as resources become limited the quality of both decisionmaking and the care provided by the team declines.
Another problem is the lack of feedback emergency physicians receive, from within the ED and from other specialties, medical records departments and the coroner's office. Without timely and reliable feedback, acquisition and maintenance of cognitive, procedural and affective skills can be compromised. 28 All of these potential sources of error are compounded by shift work. Changeover from one physician or nursing shift to another disrupts care and increases the chance of error. Circadian rhythm disturbances and fatigue associated with night work lead to cognitive errors and impaired performance. 39 Many medical errors result from flaws in thinking that affect clinical decision-making. 1, [40] [41] [42] [43] [44] [45] Physicians and nurses, 46 especially those working in the ED, 47 are frequently unaware of how they evaluate the often haphazardly gathered evidence at their disposal. Considerable effort needs to be directed at understanding how emergency physicians solve problems and, more important, how they might avoid the many cognitive pitfalls that characterize EM. 1, 41, 43 Error analysis offers a unique opportunity for emergency physicians to examine themselves and the system in which they work. When error is discovered, they must avoid the trap of assigning blame elsewhere, a reflex that can further compound the error. Objective root-cause analysis often illuminates the process or system flaws that underlie preventable AEs.
Detection, identification and measurement of error
The nature and extent of ED error is poorly defined. Current reporting mechanisms (e.g., incident reports) fail to capture up to 96% of errors. 48, 49 Lack of feedback prevents detection of and learning from errors; therefore it is critical to develop improved feedback mechanisms. Furthermore, there is no taxonomic system for classifying error, no consensus of what constitutes significant error and no reasonable estimate of the base rate of EM error. Several studies are under way to assess these important issues, including a pilot study in Australian EDs as part of the Australian Incident Monitoring Study. 50 Morbidity and mortality (M&M) rounds are one avenue for open discussion of error in clinical case management; however, they may be subject to a number of biases.
1 Case management may appear in retrospect better or worse than it actually was, sometimes because the conditions under which the original decisions were made are not reproducible and sometimes because other variables that exerted an influence at the time have been forgotten. Esoteric cases, which may be colourful but contribute little to clinical learning, are overrepresented in M&M rounds. These rounds should focus on cases that represent typical management problems or adverse outcomes, including ambient conditions at the time. Cases should be reviewed promptly so that clinicians can recall their decision-making process. Given that many serious EM errors are associated with misdiagnosis, root-cause analysis at M&M rounds may identify specific cognitive errors, the awareness of which may lead to strategies for their prevention in the future. 1 The SAEM conference addressed many of these issues. In addition to developing definitions for common terms, it recommended nonpunitive systems for identifying and reporting potential AEs, as well as patient safety boards to monitor and review error reports within institutions, and provided recommendations for error prevention.
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Education
Recognition of the science of error prevention in health care 52 has provided the imperative for educational programs. A recent proposal for an educational curriculum for error prevention in EM 53 is based on the following principles: that basic training in error theory and management be multidisciplinary and that the culture of patient safety be inculcated in all sectors of society; that a core curriculum be developed to cover a wide spectrum of topics in basic error theory; that innovative teaching techniques be promoted, especially those using narrative accounts, clinical case analysis and high-fidelity simulation techniques; and that emergency physicians and nurses teach the program, with input from an expert interdisciplinary faculty.
Educational A critical aspect of the new culture of patient safety is the need to change societal attitudes toward medical error. Current error theory judiciously shifts the focus from individual blame to a better understanding of system and process factors. Just as many clinicians must become better acquainted with error theory, the public will also need to acquire a more realistic understanding of the fallibility of health care providers and the system in which they practise. Considerable effort will be required to overturn traditional attitudes toward medical error.
Sharing error information
The aviation industry, where much of error theory has already been applied and where considerable expertise in dealing with error has evolved, uses an excellent system of no-blame error reporting. Under the Aviation Safety Reporting System, 48 ,55 errors are not treated as sentinel events, but as an inherent property of any system that involves decision-making. Given the universality and repetitive nature of error, workers in any field should have the opportunity to learn from the mistakes of others. Thus, medical staff should be apprised of significant errors. This can be done through hospital quality assurance committees, but an EM error section on the Canadian Association of Emergency Physicians (CAEP) Web site would be another way for emergency physicians and nurses to share such information openly. Setting up such a section would require quality assurance guidelines, and the information provided would have to be protected under the Freedom of Information Act, to ensure confidentiality and protection from discovery. A review panel could vet submissions to ensure that these conditions are met.
Conclusions
If research from other countries can be extrapolated to Canada, the prevalence of error and the rate of preventable AEs in our emergency departments is probably high, perhaps exceeding that in any other medical setting. The analysis and prevention of medical error will require a major investment of resources by the EM community. The Canadian Association of Emergency Physicians can take a leadership role by supporting error research, by facilitating discussions at its annual scientific meeting, by publicizing this important problem in the Canadian Journal of Emergency Medicine, by establishing a reporting site on the CAEP Web site, and through proactive advocacy, clarifying the central role of ED overcrowding as a root cause of medical error. One of our greatest challenges will be to change societal attitudes by promoting a clear understanding that errors are, in large part, secondary to system and process problems.
